The recognition of dyslexia as a neurodevelopmental disorder has been hampered by the belief that it is not a specific diagnostic entity because it has variable and culture-specific manifestations. In line with this belief, we found that Italian dyslexics, using a shallow orthography which facilitates reading, performed better on reading tasks than did English and French dyslexics. However, all dyslexics were equally impaired relative to their controls on reading and phonological tasks. Positron emission tomography scans during explicit and implicit reading showed the same reduced activity in a region of the left hemisphere in dyslexics from all three countries, with the maximum peak in the middle temporal gyrus and additional peaks in the inferior and superior temporal gyri and middle occipital gyrus. We conclude that there is a universal neurocognitive basis for dyslexia and that differences in reading performance among dyslexics of different countries are due to different orthographies. The recognition of dyslexia as a neurodevelopmental disorder has been hampered by the belief that it is not a specific diagnostic entity because it has variable and culture-specific manifestations. In line with this belief, we found that Italian dyslexics, using a shallow orthography which facilitates reading, performed better on reading tasks than did English and French dyslexics. However, all dyslexics were equally impaired relative to their controls on reading and phonological tasks. Positron emission tomography scans during explicit and implicit reading showed the same reduced activity in a region of the left hemisphere in dyslexics from all three countries, with the maximum peak in the middle temporal gyrus and additional peaks in the inferior and superior temporal gyri and middle occipital gyrus. We conclude that there is a universal neurocognitive basis for dyslexia and that differences in reading performance among dyslexics of different countries are due to different orthographies.
Dyslexia
Developmental dyslexia is increasingly acknowledged to be a disorder of genetic origin with a basis in the brain (1). However, there continues to be doubt about the universality and specificity of the syndrome because behavioral studies have shown that the nature and prevalence of dyslexia differs across languages (2). The prevalence estimates of dyslexia in different countries seem to be related to the shallowness of the orthography. For instance, using one of the most respected behavioral definitions of dyslexia (word recognition accuracy in relation to IQ), the prevalence of dyslexia in Italy was half that in the United States (3). Performance on the reading and phonological tests is shown in Fig. 2 and in Web  table 1 (16) . There was a consistent advantage on the reading tests in favor of the Italian dyslexic sample when compared to the French and English dyslexic samples. In particular, the Italian dyslexics showed fewer errors for both words and nonwords (MannWhitney U test: P < 0.001). Yet, as Fig. 2 shows, Italian dyslexics performed significantly worse than their controls on reading and phonological tasks, and differed as much as did the English and French dyslexics from their controls. This and the fact that the French and English dyslexics had not been selected for phonological impairments, supports the idea that dyslexia is associated with a phonological deficit. Moreover, this deficit appears to be independent of orthography.
Our PET data link the psychological findings to brain physiology. Two regional cerebral blood flow (rCBF) PET activation experiments (19), one on explicit and one on implicit reading (15), were conducted with a total of 72 participants. In all, six groups of normal controls and six groups of dyslexics were scanned (six subjects per group, four groups from each country). We combined the results of the two experiments, so that we only report the most reliable activations elicited by exposure to print (20).
For normal controls, and in line with previous results (21), we identified a number of cortical language areas of the perisylvian cortex (Broca's area and Wernicke's area including the planum temporale), the left middle and inferior temporal gyri, and the fusiform gyrus (Web table 2 Effect size (Z-scores) of the differences between dyslexics and controls on experimental reading and phonological tests. Z-scores were derived from the group differences expressed in SD units using pooled SDs. There were no differences in simple reaction time (RT) for a dot appearing on a computer screen. However, all other tasks showed impairments in the dyslexics (negative Z-scores). Note that Italian dyslexics differ strongly from their controls on nonword reading, even though they perform better on this task (fewer errors) when compared to French and English dyslexics. plied to the dyslexic readers revealed a greatly restricted pattern of activation. This is illustrated in Fig. 3B , whereas Web table 2 shows the coordinates of the peak activations (16). A direct comparison of the areas of activation in normal controls and dyslexics (Fig. 3C) identified a large region in the left hemisphere of significantly greater activation for the controls (P < 0.001 corrected for spatial extent), with the maximum peak in the middle temporal gyms and additional peaks in the inferior and superior temporal gyri and middle occipital gyrus (Web table 2) (16). There were no areas of significantly greater activation in dyslexics compared to controls.
We also explored whether there were orthography-specific effects in the dyslexic groups. Our previous study of skilled Italian and English readers showed that Italians have greater activation in left superior temporal regions (15), which have been associated with processing phonemes (22) . In contrast, and for nonwords in particular, English normal readers had greater activations in left posterior inferior temporal gyms and anterior inferior frontal gyrus, areas which have been associated with word retrieval during both reading and naming tasks (23-25). This result was confirmed when the French group was added. However, when dyslexic readers were compared across orthographies, no such differences were evident. This is most likely because dyslexics have a less developed reading system that cannot adapt to some subtle specific requirement of their orthography.
Reduced activation in the left middle, inferior, and superior temporal cortex and in the middle occipital gyms was the robust universal feature of dyslexia for word reading in the three language groups; reduced activation in this region was found previously with PET and functional MRI in English-speaking dyslexics (26, 27) and with magnetoencephalography in Finnish-speaking dyslexics (28) .
Why did we find a reduction of activity? We consider two possibilities. One is the disconnection hypothesis (9, 10) which assumes that the connections between the different components of the language system are weak. If so, this could result in reduced activation of the major components of the system with the consequence of slower processing of spoken and written language. Another explanation is that the brains of dyslexics are more idiosyncratic in modularizing the reading system. The reduced activation in dyslexics, i.e., more restricted in extent and significance, could be due to more variability in the individual pattem of activation. These two explanations are not mutually exclusive. If there were diffuse differences in organization, the acquisition of written language would be slow in consequence and subject to idiosyncratic strategies.
Is dyslexia a disorder with a universal neuro- 
